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     R x 2 +   R y 2


      F → 1


      F → 2


  𝛼


    O D C  𝛥


  O   C 2 =   R 2 = O   D 2 + D   C 2 . . . ( i )


  O B =   F 1 , O D = O B + B D =   F 1 + B D


  O B =   F 1 , O D = O B + B D =   F 1 + B D


  O D


  ( i )


    R 2 = (   F 1 + B D  ) 2 + D   C 2


    B D C  𝛥


  B   C 2 =     F 2 2 = B   D 2 + D   C 2


  B   D 2 + D   C 2


      F 2 2


  ( i i )


    R 2 =     F 1 2 + 2   F 1 ⋅ B D +     F 2 2 . . . ( i i i )


    B D C  𝛥


  B D


  ( i i i )


  B D =   F 2   c o s ⁡  𝛼


  R =      F 1 2 +     F 2 2 + 2   F 1 ×   F 2 c o s 𝛼


  (   R → )


  𝛼


  𝛼 = 0


    R → =     F → 1 +     F → 2


  9  0 ∘


  F =      F 1 2 +     F 2 2


  ( 𝛼 = 18  0 ∘ )


  R =  |   F 1 −   F 2 |


    F 1 =   F 2 = F


  1 / 3


  2 / 3


  1 / 4


  3 / 4


  c m


  M  (   x  C M ,   y  C M )


    x  C M =    (   m 1   x 1 +   m 2   x 2 + ⋯ )   (   m 1 +   m 2 + ⋯ ) =     ∑  i    m  i   x  i    ∑  i    m  i


    x  C M =    (   m 1   x 1 +   m 2   x 2 + ⋯ )   (   m 1 +   m 2 + ⋯ ) =     ∑  i    m  i   x  i    ∑  i    m  i


    y  C M =    (   m 1   y 1 +   m 2   y 2 + ⋯ )   (   m 1 +   m 2 + ⋯ ) =     ∑  i    m  i   y  i    ∑  i    m  i


    y  C M =    (   m 1   y 1 +   m 2   y 2 + ⋯ )   (   m 1 +   m 2 + ⋯ ) =     ∑  i    m  i   y  i    ∑  i    m  i


  M  (   x  c m ,   y  c m )


  


  M  ( 2 , 1 )


    M  l  (   x  M ,   y  M )


    M  s  (   x  M ,   y  M )


    M  t  (   x  M ,   y  M )


  M  (   x  M ,   y  M )


  M  ( 2 . 54 , 4 . 75 )


    m 1 =   m 2 = 1 . 0 k g


    m 3 = 2 . 0 k g


    x  c m =     ∑  i    m  i   x  i  M =    (   m 1   x 1 +   m 2   x 2 +   m 3   x 3 )   (   m 1 +   m 2 +   m 3 )


    y  c m =     ∑  i    m  i   y  i  M =    (   m 1   y 1 +   m 2   y 2 +   m 3   y 3 )   (   m 1 +   m 2 +   m 3 )


   ( 0 . 75 , 1 . 00 )


  L


   ( x )


    x 1 =    ( M ) ⋅  ( L / 2 )  M = L / 2


  


    F 1 +   F 2 +   F 3 + . . . = 𝛴 F = 0


  𝛴   F  x = 0 ∧ 𝛴   F  y = 0


    F 1   L 1 +   F 2   L 2 +   F 2   L 3 + . . . = 𝛴 𝜏 = 𝛴 M = 0


  10 N


  ∑   F  y = 0 ⇒ T + ( − W ) = 0 ⇒ T − W = 0 ⇒ T = 10 N


    F → = 15 N


  𝜃 = 5  3 ∘


  (   T → )


  (   W → )


  (   W → )


  (   F → )


  (   T → )


  ∑   F  x = 0 ⇒ F −   T  x = 0 ⇒   T  x = F


  ∑   F  y = 0 ⇒   T  y − W = 0 ⇒ W =   T  y


  


  𝜃 = 3  7 ∘


    W → = 120 N


  (   T → )


  (   R → )


  ∑ M = 0 ⇒   T  y × L − W (   L 2 ) = 0


  ∑   F  x = 0 ⇒   R  x −   T  x = 0 ⇒   R  x =   T  x


  


  ∑   F  y = 0 ⇒   R  y +   T  y − W = 0


    F 1 = 10 N


  1 m


    F 2


  ∑ M = 0 ⇒   F 2   d 2 −   F 1   d 1 = 0 ⇒   F 2 ( 1 m ) − ( 10 N ) ( 3 m ) = 0


  F = 100 N


  ( 0 . 8 m × 0 . 4 m )


  ( O )


  3  7 ∘


      F →  x


      F →  y


    F →


  ∑ M = 0 ⇒ (   F  y ) ( 0 . 4 m ) − (   F  x ) ( 0 . 8 m ) = 0


  (   F  x  ) 2 + (   F  y  ) 2 =   F 2 ⇒ (   F  x  ) 2 + (   F  y  ) 2 = 10000   N 2 . . . ( i i )


  (   F  x  ) 2 + ( 2   F  x  ) 2 = 10000   N 2 ⇒ 4 (   F  x  ) 2 = 10000   N 2


    T 1


    T 2


    T 1


    T 2


    T 2


    T 1


  ∑   M  A = 0 ⇒   T 2 ⋅ 0 +   T 1 ⋅ L − ( 500 N ) ⋅   L 2 − ( 600 N ) ⋅   3 L 4 = 0


    T 2


  ∑   M  B = 0 ⇒   T 1 ⋅ 0 +   T 2 ⋅ L − ( 500 N ) ⋅   L 2 − ( 600 N ) ⋅   L 4 = 0


    𝑾 →


  30 . 0   N


  37 .  0 ∘


  k g


  g = 10 . 0   N / k g


  𝜃 = 90 .  0 ∘ − 𝛼 = 53 .  0 ∘


  ∑   F  x = 0     ⇒     F + ( −   T  x ) = 0       ⇒       T  x = F = 30 . 0   N


    T  x = T   c o s ⁡  𝜃     ⇒     30 . 0   N = T   c o s ⁡ 5 3 .  0 ∘     ⇒     T = 50 . 0   N


      𝑻 →  y


    T  y = T   s i n ⁡  𝜃 = ( 50 . 0   N )   (   s i n ⁡ 5 3 .  0 ∘ )     ⇒       T  y = 40 . 0   N


  ∑   F  y = 0


    T  y + ( − W ) = 0     ⇒     W =   T  y = 40 . 0   N


    𝑾 → = m   𝒈 →


  m =   W  g     ⇒     m =   40 . 0   N  10 . 0   N / k g = 4   k g


   4 ∘ C


  𝒙


  𝒚


  𝒛


    t 1


    t 2


    t 3


    t 4


  A


  B


  C


  D


  x


    r →


    r → = x   i →     ∨      |   r → | = x


    𝒓 →


   |   𝒓 → |


    𝒊 →


  𝒙


  A


      r → 1


  B


      r → 2


  C


  F


  𝜟   𝒓 →


  𝜟   𝒓 → =   𝒓  𝟐 −   𝒓  𝟏


  𝜟 𝒙 =   𝒙  𝟐 −   𝒙  𝟏


  x


  ( x − t )


  S I


  t = 0


  l


  l


  l


  d


  t


  l


    l 1


    t 1


    l 2


    t 2


    l  n


    t  n


    S ̄ =     l 1 +   l 2 +   . . .   +   l  n    t 1 +   t 2 +   . . .   +   t  n


  𝒎 𝒊 𝒍 𝒆 / 𝒉 𝒓


  ( 𝒌 𝒎 / 𝒉 𝒓 )


  ( 𝒎 / 𝒔 )


  m / s


    S ̄ =   l  t


  l


  t


  ( 10   k m )   ( 1000   m / k m )   =   10 . 0   ×   1  0 3   m


  ( 30     m i n ⁡ )   (   60   s /   m i n ⁡ )   =   1800   s


  ( 30     m i n ⁡ )   (   60   s /   m i n ⁡ )   =   1800   s


    S ̄


    S ̄ =   l  t =   10 . 0 × 1  0 3   m  1800   s = 5 . 56   m / s


  4 . 25   m / s


  17 . 0   m


  S =   l  t


  t =   l  S =   17 . 0   m  4 . 25   m / s = 4 . 00   s


  20   s


  200


  30   s


  20   s


  k m / h


    S ̄ =     l 1 +   l 2 +   l 3    t 1 +   t 2 +   t 3 =   ( 100 + 200 + 100 )   m  ( 20 + 30 + 20 )   s =   40   m  7   s   = 5 . 71   m / s


  𝛥 t


  𝛥 x


  ←


  𝒎 / 𝒔


  𝒌 𝒎 / 𝒉 𝒓


  ( x − t )


  𝒙 = 𝒇 ( 𝒕 )


  𝒚 = 𝒈 ( 𝒕 )


  𝒛 = 𝒉 ( 𝒕 )


  𝒙


  𝒚


  𝒛


  𝒕


  x = f ( t )


  ( t )


  ( x )


    t 1 = 4   s


    t 2 = 8   s


    t 3 = 12   s


    t 4 = 16   s


    x 1 = 5   m


    x 2 = 10   m


    x 3 = 15   m


    x 4 = 20   m


  5   m


  4   s


  x = f ( t ) =  (     x 2 −   x 1    t 2 −   t 1 ) t =  (   10 − 5  8 − 4 ) t =  5 4 t = 1 . 25 t


  v =     x 2 −   x 1    t 2 −   t 1


  x = f ( t ) = v t = 1 . 25   t


  x = −   t 2 + 4 t − 3


  S I


  ( x − t )


  x = 0


  −   t 2 + 4 t − 3 = 0     ⇒     ( − t + 1 ) ( t − 3 ) = 0     ⇒         t 1 = 1 ,         t 2 = 3


  x


  t = 0


  x = f ( 0 ) = −  0 2 + 4 ⋅ 0 − 3 = − 3


    t 2


  − 3   m


  1   m


  − 3   m


  ( x − t )


  ( x − t )


  ( x − t )


  x


  x


  x


  ( 277   m − 19   m ) = 258   m


  ( 4 . 0   s − 1 . 0   s ) = 3 . 0   s


  x


  x


  ( 258   m ) / ( 3 . 0   s ) = 86   m / s


  𝛥 x =   x 2 −   x 1


  x


  y


  z


    t 1


    t 2


  𝛥 t


  t


  𝜟 𝒕 =   𝒕  𝟐 −   𝒕  𝟏


  ( x − t )


    P 1


    P 2


    P 1


    P 2


  x


      𝒗 ̄  𝒙


    𝒗  𝒂 𝒗 − 𝒙


    𝑷  𝟏   𝑷  𝟐


  𝜟 𝒙


  𝜟 𝒕


    𝒗  𝒂 𝒗 − 𝒙 =     𝒗 ̄  𝒙 =     𝒙  𝟐 −   𝒙  𝟏    𝒕  𝟐 −   𝒕  𝟏 =   𝜟 𝒙  𝜟 𝒕


    x 2 >   x 1


  𝛥 x > 0


    x 2 <   x 1


  𝛥 x < 0


      v ̄  x


    x 1 = 3 . 5   m


    x 2 = 9 . 8   m


  𝛥 t = 2 . 0   s


      v ̄  x =     x 2 −   x 1  𝛥 t =   9 . 8   m − 3 . 5   m  2 . 0   s =   6 . 3   m  2 . 0   s = 3 . 6   m / s


  x


    t 1 −   t 0


    t 2 −   t 1


  𝛥 t =   t 1 −   t 0 = 5 . 0   s


  𝛥 x =   x 1 −   x 0 = 21   m − 8 . 0   m = 13   m


  𝛥 t =   t 2 −   t 1 = 10   s


    x 2 −   x 1 = 44   m − 21   m = 23   m


    t 1 −   t 0


      v ̄  x =   𝛥 x  𝛥 t =   13   m  5 . 0   s = 2 . 6     m  s


    t 2 −   t 1


      v ̄  x =   𝛥 x  𝛥 t =   21   m  10   s = 2 . 1     m  s


  43   m i / h


  5 . 2   m i


  1 . 2   m i


  27   m i n


  ( x − t )


  𝛥 x


  𝛥 t


  𝛥 x = 5 . 2   m i + 1 . 2   m i = 6 . 4   m i


  𝛥 t =   5 . 2   m i  43   m i / h + 27     m i n ⁡ = 34     m i n ⁡ = 0 . 57   h


      v ̄  x =   𝛥 x  𝛥 t =   6 . 4   m i n  0 . 57   h


  ( O P )


  ( P Q )


  O P


  x


      v ̄  x =   𝛥 x  𝛥 t =   10 . 0   m − 0  2 . 00   s − 0 = 5 . 00     m  s


      v ̄  x =   𝛥 x  𝛥 t =   5 . 00   m − 0  4 . 00   s − 0 = 1 . 25     m  s


      v ̄  x =   𝛥 x  𝛥 t =   5 . 00   m − 10 . 0   m  4 . 00   s − 2 . 00   s = − 2 . 50     m  s


      v ̄  x =   𝛥 x  𝛥 t =   − 5 . 00   m − 5 . 00   m  7 . 00   s − 4 . 00   s = − 3 . 33     m  s


      v ̄  x =   𝛥 x  𝛥 t =     x 2 −   x 1    t 2 −   t 1 =   0 − 0  8 . 00   s − 0 = 0


  S I


  x = 2   t 2 + 1


  x = f ( t ) = 2   t 2 + 1


  f ( 0 ) = 2 ⋅  0 2 + 1 = 1 . 00


  


      v ̄  x =     x 2 −   x 1    t 2 −   t 1 =   9 . 00   m − 1 . 00   m  2 . 00   s − 0 = 4 . 00   m / s


      v ̄  x =     x 2 −   x 1    t 2 −   t 1 =   9 . 00   m − 3 . 00   m  2 . 00   s − 1 . 00   s = 6 . 00   m / s


      v ̄  x =     x 2 −   x 1    t 2 −   t 1 =   3 . 0402   m − 3 . 00   m  1 . 01   s − 1 . 00   s = 4 . 02   m / s


      v ̄  x


  𝛥 x


  𝛥 t


    P 1


    P 2


    P 1


      v ̄  x = 𝛥 x / 𝛥 t


  𝛥 x / 𝛥 t


  𝛥 x / 𝛥 t


  𝛥 t


  𝒙


  𝒕


  𝒅 𝒙 / 𝒅 𝒕


  𝜟 𝒕


  𝛥 t


    P 1


    P 2


    P 1   P 2


  A


  t


    𝒗  𝒙 =   𝒍 𝒊 𝒎  𝜟 𝒙 → 𝟎   𝜟 𝒙  𝜟 𝒕 =   𝒅 𝒙  𝒅 𝒕


  𝛥 t


  𝛥 x


    v  x


    d 1


    t 1


    d 2


    t 2


    d 1


    d 2


    v 1 >   v 2


    t 1


    t 2


  S I


  x = 3   t 2 + 2 t + 1


  t = 2 . 0   s


  g ( t ) =   v  x =   d x  d t = 6 t + 2       ⇒       g ( 2 . 0 ) = 6 ⋅ ( 2 . 0 ) + 2 = 14


  14   m / s


  y


  y =  1 3   t 3 − 4 t + 5


  c . g . s


  y


  t


  y =  1 3   t 3 − 4 t + 5     ⇒     y =  1 3 ( 3 . 0  ) 3 − 4 ( 3 . 0 ) + 5 = 2 . 0   c m


  y =  1 3   t 3 − 4 t + 5     ⇒       y ′ =   v  y =   t 2 − 4


  


    v 2 >   v 1


    v 2 <   v 1


  S I


  M . K . S


  𝒎 /   𝒔  𝟐


  a


  ( a c c e l e r a t i o n )


  ( x − t )


  ( v − t )


    v  x = f ( t )


  x


    v  y = f ( t )


  y


    v  z = f ( t )


  z


    v  x


    v  y


  ( t )


  (   v  x )


  x


    t 1 = 4 . 0   s


  10   m


    t 2 = 8 . 0   s


  22   m


  ( v − t )


      v ̄  x =   𝛥 x  𝛥 t =     x 2 −   x 1    t 2 −   t 1 =   22   m − 10   m  8 . 0   s − 4 . 0   s =   12   m  4   s = 3   m / s


  x


    v  x = 3


  ( v − t )


    v  x =     x  C −   x  B    t  C −   t  B =   40   m − 0  40   s − 30   s =   40   m  10   s       ⇒         v  x = 4   m / s


    x 0 = − 40   m


  x =   v  x t +   x 0


  x = 4 t − 40


    v  x = 4


  ( v − t )


    v  x = 4


  x


    t 1


  P


  x


    v  1 x


    t 2


  Q


  x


    v  2 x


  x


  𝛥 t =   t 2 −   t 1


  𝛥   v  x =   v  2 x −   v  1 x


  P


  Q


  𝑷 𝑸


      a ̄  x


    a  a v − x


      𝒂 ̄  𝒙 =   𝜟   𝒗  𝒙  𝜟 𝒕 =     𝒗  𝟐 𝒙 −   𝒗  𝟏 𝒙    𝒕  𝟐 −   𝒕  𝟏


  𝛥 t


  P


  Q


  A


  Q


  Q


    t 2


  𝜟 𝒕


  ( 𝜟 𝒕 → 𝟎 )


    𝒕  𝟐


  𝜟 𝒕


    a  x


    a  x =   l i m  𝛥 t → 0   𝛥   v  x  𝛥 t =   d   v  x  d t


    a  x =   d  d t  (   d x  d t ) =     d 2 x  d   t 2


    v  2 x >   v  1 x


    v  2 x <   v  1 x


    v  2 x =   v  1 x


  x


    t 1 = 13   s


  10   m / s


    t 2 = 23   s


  26   m / s


    t 1


    t 2


      a ̄  x =   𝛥   v  x  𝛥 t =     v  2 x −   v  1 x    t 2 −   t 1 =   ( 26 − 10 )   m / s  ( 23 − 13 )   s = 1 . 6   m /   s 2


  2 . 20   m / s


  y


  0 . 20   s


  4 . 80   m / s


      a ̄  y =     v  2 y −   v  1 y  𝛥 t =   ( 4 . 80 − 2 . 20 )   m / s  0 . 20   s =   2 . 60   m / s  0 . 20   s = 13   m /   s 2


  20 . 0   m / s


  x


  4 . 2   s


    v  2 x <   v  1 x


      a ̄  x =     v  2 x −   v  1 x  𝛥 t =   0 − 20 . 0   m / s  4 . 2   s = − 4 . 76   m / s


  A


  B


  C


  A


  ( 0   s ,   0   m / s )


  ( 2 . 0   s ,   4 . 0   m / s )


  a =   𝛥 v  𝛥 t =   4 . 0   m / s − 0  2 . 0   s − 0 = + 2 . 0   m /   s 2


  B


  𝛥 v = 0


  a =   𝛥 v  𝛥 t =   4 . 0   m / s − 4 . 0   m / s  3 . 0   s − 2 . 0   s = 0   m /   s 2


  C


  ( 3 . 0   s ,   4 . 0   m / s )


  ( 4 . 0   s ,   2 . 0   m / s )


  a =   𝛥 v  𝛥 t =   2 . 0   m / s − 4 . 0   m / s  4 . 0   s − 3 . 0   s = − 2 . 0   m /   s 2


  S I


    v  x = 3   t 2 + 4


    t 1 = 0


    t 2 = 3 . 0   s


    v  2 x


    v  1 x


    v  2 x = 3 ( 3 . 0  ) 2 + 4       ⇒       v  2 x = 31   m / s


    v  1 x = 3 ( 0  ) 2 + 4     ⇒       v  1 x = 4 . 0   m / s


    v  1 x = 3 ( 0  ) 2 + 4     ⇒       v  1 x = 4 . 0   m / s


      a ̄  x =     v  2 x −   v  1 x    t 2 −   t 1 =   ( 31 − 4 . 0 )   m / s  3 . 0   s − 0   s =   27   m / s  3 . 0   s = 9 . 0   m /   s 2


  S I


  z = 2   t 2 − 3 t


  z = 2   t 2 − 3 t     ⇒       v  z =   z ′ = 4 t − 3


  S I


  x =   t 3 − 2   t 2 + 5 t


    t 1 = 2 . 0   s


    t 2 = 3 . 0   s


  m /   s 2


  x =   t 3 − 2   t 2 + 5 t     ⇒       v  x =   x ′ = 3   t 2 − 4 t + 5


    v  2 x


    v  1 x


    v  2 x = 3 ( 3 . 0  ) 2 − 4 ( 3 . 0 ) + 5     ⇒       v  2 x = 20   m / s


    v  1 x = 3 ( 2 . 0  ) 2 − 4 ( 2 . 0 ) + 5     ⇒       v  1 x = 9 . 0   m / s


    v  1 x = 3 ( 2 . 0  ) 2 − 4 ( 2 . 0 ) + 5     ⇒       v  1 x = 9 . 0   m / s


      a ̄  x =     v  2 x −   v  1 x    t 2 −   t 1 =   ( 20 − 9 . 0 )   m / s  ( 3 . 0 − 2 . 0 )   s = 11   m /   s 2


  ( v − t )


  A


  B


    a ̄ =   𝛥 v  𝛥 t


    a ̄ =     v 2 −   v 1    t 2 −   t 1 =   ( 16 − 6 )   m / s  ( 12 − 8 )   s =   10   m / s  4   s = 2 . 5   m /   s 2


  A


  B


  ( v − t )


  A


  B


  A


  B


    a  A >   a  B


    a ̄ = a


  𝒂 =     𝒗  𝟐 −   𝒗  𝟏    𝒕  𝟐 −   𝒕  𝟏


    t 1 = 0


    t 2


  t


    v 1 =   v 0


  t = 0


    v 2 = v


  𝒂 =   𝒗 −   𝒗  𝟎  𝒕       ∨     𝒗 =   𝒗  𝟎 + 𝒂 𝒕


    v 0


  v


    𝒗 ̄ =     𝒗  𝟎 + 𝒗  𝟐


    t 1 = 0


    t 2 = t


    x 1 =   x 0


    x 2 = x


    x −   x 0  t =   v +   v 0 2     ⇒       𝛥 x  t =   v +   v 0 2     ⇒     𝛥 x =  (   v +   v 0 2 ) t


  𝛥 x =  1 2 t ( v +   v 0 )


  v = a t +   v 0


  𝛥 x =  1 2 (   v 0 + a t +   v 0 ) t     ⇒     𝛥 x =  1 2 ( 2   v 0 + a t ) t


  𝜟 𝒙 =   𝒗  𝟎 𝒕 +   𝟏  𝟐 𝒂   𝒕  𝟐


  𝛥 x = x −   x 0


  x


  v = a t +   v 0


  ( x − t )


  𝛥 x =  1 2 ( v +   v 0 )  (   v −   v 0  a ) =     v 2 −     v 0 2  2 a


    𝒗  𝟐 =     𝒗  𝟎  𝟐 + 𝟐 𝒂 𝜟 𝒙


  n


  n


  ( n − 1 )


  n


  𝛥   x  n =  1 2 a (   t  n 2 −   t  n − 1 2 ) +   v 0 =  1 2 a ( 2   t  n − 1 ) +   v 0


  4 . 0   m /   s 2


  20   m


  𝛥 x =  1 2 a   t 2 +   v 0 t     ⇒     20 =  1 2 ( 4 . 0 ) ( 2 . 0  ) 2 +   v 0 ( 2 . 0 )


  


  2 . 0   m / s


  0 . 50   m /   s 2


    x 0 − 3 . 0   m


  x


  𝛥 x = x −   x 0


  x −   x 0 =  1 2 a   t 2 +   v 0 t


  18   k m / h


  72   k m / h


  v =   v 0 + a t


  v =   v 0 + a t     ⇒      {     18   k m / h = ( 10   s )   a       . . .     ( i )    72   k m / h = a ⋅ t       . . .     ( i i )


  ( i )


  ( i i )


   18 72 =   ( 10   s )   a  a ⋅ t     ⇒     t =  720 18   s     ⇒     t = 40   s


  x


  60   k m / h


  140   k m / h


  𝛥 t = 15     m i n ⁡ =  1 4   h


  𝛥 x =  (   v +   v 0 2 ) 𝛥 t =  (   140 + 60 2 ) ⋅  1 4     ⇒     𝛥 x = 25   k m


  10   m /   s 2


    v 0 = 0


  n


  𝛥   x  n =  1 2 a ( 2   t  n − 1 ) +   v 0 =  1 2 ⋅ 10 ( 2 ⋅ 4 − 1 ) = 35   m


  S I


  x = − 2   t 2 + 8 t


  v = 0


    v  ( t ) =   x  ( t ) ′     ⇒     v = a t +   v 0 = − 4 t + 8     ⇒     t = 2 . 0   s


  2 . 0   s


  x =  1 2 a   t 2 +   v 0 t =  1 2 ( − 4 ) ( 2 . 0  ) 2 + 8 ( 2 . 0 ) = 8 . 0   m


  x = 8 . 0   m


  20   m / s


  − 5   m /   s 2


    v 0 = 20   m / s


  v = 0


  a = − 5 . 0   m /   s 2


    v 2 =     v 0 2 + 2 a x     ⇒     0 = ( 20  ) 2 + 2 ( − 5 . 0 )   x     ⇒     x = 40   m


  v =   v 0 + a t


  0 =   v 0 + a t     ⇒     ( − 20 ) =   ( − 5 . 0 )   t       ⇒     t = 4 . 0   s


  36   k m / h


  ( v − t )


  36   k m / h = 10   m / s


    a 1 =   v −   v 0  t =   10   m / s − 0  20   s = + 0 . 50   m /   s 2


    a 2 =   10   m / s − 10   m / s  10   m i n


    a 3 =   v −   v 0  t =   0 − 10   m / s  5 . 0   s =   − 10   m / s  5 . 0   s = − 2 . 0   m /   s 2


    x 1 =  1 2 a   t 2 =  1 2 ( 0 . 50   m / s ) ( 20   s  ) 2 = 1 . 0 × 1  0 2   m


    x 2 = v t = ( 10   m / s ) ( 10   s ) = 1 . 0 × 1  0 2   m


    x 3 =   v 0 t +  1 2 a   t 2 = ( 10   m / s ) ( 5   s ) +  1 2 ( − 2 . 0   m / s ) ( 5 . 0   s )


  ∑ x =   x 1 +   x 2 +   x 3 = ( 1 . 0 × 1  0 2   m ) + ( 1 . 0 × 1  0 2   m ) + ( 45   m )


  ( v − t )


  O


  A


  A B


  B C


  ( v − t )


  A B


  B C


  C D


  D E


  2 . 0   m / s


  B


  8 . 0   m / s


  B


  C


  12   m / s


    a  A B =     v  B −   v  A    t  B −   t  A =   ( 8 . 0 − 2 . 0 )   m / s  ( 10 − 0 )   s = + 0 . 60   m /   s 2


    a  B C =     v  C −   v  B    t  C −   t  B =   ( 8 . 0 − 8 . 0 )   m / s  ( 25 − 10 )   s = 0


    a  C D =     v  D −   v  C    t  D −   t  C =   ( 0 − 8 . 0 )   m / s  ( 30 − 25 )   s = − 1 . 6   m /   s 2


    a  D E =     v  E −   v  D    t  E −   t  D =   ( 12 − 0 )   m / s  ( 35 − 30 )   s = + 2 . 4   m /   s 2


    x  A B =   v 0 t +  1 2 a   t 2 = ( 2 . 0 ) ( 10 ) +  1 2 ( 0 . 60 ) ( 10  ) 2 = 50   m


    x  B C = v t = ( 8 . 0   m / s ) ( 15   s ) = 120   m


    x  C D =   v 0 t +  1 2 a   t 2 = ( 8 . 0 ) ( 5 . 0 ) +  1 2 ( − 1 . 6 ) ( 5 . 0  ) 2 = 20   m


    x  D E =   v 0 t +  1 2 a   t 2 = ( 0 ) ( 5 . 0 ) +  1 2 ( 2 . 4 ) ( 5 . 0  ) 2 = 30   m


  ∑ x =   x  A B +   x  B C +   x  C D +   x  D E = 220   m


  𝛥 t = 1 / 15   s


  g


  𝒈


  g


  𝟗 . 𝟖 𝟎   𝒎 /   𝒔  𝟐


  𝒈 = 𝟏 𝟎 . 𝟎   𝒎 /   𝒔  𝟐


    v 0 = 0


    x 0 = 0


  y


  𝛥 y =   v  0 y t +  1 2 g   t 2


    v  y = g t +   v  0 y


    v  o y = 0


  𝛥 y =  1 2 g   t 2   ∧     t =    2 𝛥 y  g


    v  y = g t     ∧     t =  2 g 𝛥 y


  4 . 9   m


  (   v 0 = 0 )


  𝛥 y =  1 2 g   t 2


  𝛥 y =  1 2 g   t 2       ⇒       4 . 9 m =  1 2 ( 9 . 8   m /   s 2 ) ⋅   t 2       ⇒     t = 1 . 0   s


  𝛥 y =  1 2 g ( 2   t  n − 1 ) =   9 . 8 2  [ 2 ( 3 . 0 ) − 1 ] = 24 . 5   m


  30 . 0   m / s


  g = 10 . 0   m /   s 2


    v 2 −     v 0 2 = 2 g 𝛥 y     ⇒     ( 30 . 0     m  s  ) 2 −  0 2 = 2 ( 10 . 0     m    s 2 ) ⋅ 𝛥 y


  


  3 . 20 × 1  0 2   m


  5 . 00   s


  g = 10 . 0   m /   s 2


  3 . 20 × 1  0 2   m / s


    t 1


    t 2


  3 . 20 × 1  0 2   m / s


  3 . 20 × 1  0 2   m / s


  1 . 00   s


  y =   v  y   t 2     ⇒     3 . 20 × 1  0 2     m  s = ( 3 . 20 × 1  0 2     m  s )     t 2     ⇒       t 2 = 1 . 00   s


  t =   t 1 +   t 2


    t 1


  5 . 00   s =   t 1 + 1 . 00   s       ⇒         t 1 = 4 . 00   s


  𝛥 y =  1 2 g     t 1 2 +   v 0   t 1


  


  y


  45   m


  45   m


    t 1


    t 2 =   t 1 − 1 . 0   s


   {     𝛥   y 1 =  1 2 g     t 1 2    𝛥   y 2 =  1 2 g (   t 1 − 1  ) 2         ⇒       𝛥   y 1 − 𝛥   y 2 =  1 2 g     t 1 2 −  1 2 g (   t 1 − 1  ) 2


  (   t 1 − 1  ) 2


   1 2 g     t 1 2 −  1 2 g     t 1 2 + g   t 1 −  1 2 g = 45   m     ⇒     10   t 1 = 50   ⇒     t 1 = 5 . 0   s


    v 0 = 30 . 0   m / s


  h


  g = 10 . 0   m /   s 2


  h


  𝛥 y =  1 2 g   t 2 +   v 0 t     ⇒     80 . 0   m =  1 2 ( 10 . 0     m    s 2 )   t 2 + ( 30 . 0     m  s ) t


  


  𝛥 y =  1 2 g   t 2 =  1 2 ( 10 . 0     m  s ) ( 2 . 00   s  ) 2 = 20 . 0   m


  20 . 0   m


    v 0


    t 1


    t 2 =   t 1 − 1 . 00   s


  𝛥   y 1 =  1 2 g     t 1 2 +   v 0 t     ⇒     20 . 0   m =  1 2 ( 10 . 0     m    s 2 )     t 1 2 + 0 ⋅   t 1


  


    t 2 =   t 1 − 1 . 00   s = 2 . 00   s − 1 . 00   s = 1 . 00   s


  𝛥   y 2 =  1 2 g     t 2 2 +   v 0 t


  x o y


  𝛥 t


  A


    r 1


  B


      r → 2


    𝒓 →


    r →


    r → = x   i → + y   j → = f ( t )   i → + g ( t )   j → ,      |   r → | =    x 2 +   y 2


    𝒊 →


    𝒋 →


    i →


    j →


      r → 1


      r → 2


      r → 1 =   x 1   i → +   y 1   j → ,     r → 2 =   x 2   i → +   y 2   j →


      r → 1


      r → 2


  𝛥   r →


  𝛥   r → =     r → 2 −     r → 1 =   x 2   i → +   y 1   j → −  (   x 1   i → +   y 1   j → ) = (   x 2 −   x 1 )   i → + (   y 2 −   y 1 )   j →


  𝛥 r = ( 𝛥 x )   i → + ( 𝛥 y )   j → ,        | 𝛥 r | =  ( 𝛥 x  ) 2 + ( 𝛥 y  ) 2


  𝛥 r = ( 𝛥 x )   i → + ( 𝛥 y )   j → ,        | 𝛥 r | =  ( 𝛥 x  ) 2 + ( 𝛥 y  ) 2


      r → 1 = 2   i → + 3   j →


      r → 2 = −   i → + 7   j →


  𝛥   r → =     r → 2 −     r → 1 = −   i → + 7   j → − ( 2   i → + 3   j → ) = − 3   i → + 4   j →


    t 1


    t 2


      r → 1


      r → 2


  6 m


  8 m


  9  0 ∘


  𝛥   r →


  6 m


  8 m


   | 𝛥   r → | =        r → 1 2 +       r → 2 2 =   6 2 +  8 2 m =  100 m = 10 m


  A ( 8 , − 6 )


  B ( − 7 , 2 )


   | 𝛥   r → | =  ( 𝛥 x  ) 2 + ( 𝛥 y  ) 2 =  (   x 2 −   x 1  ) 2 + (   y 2 −   y 1  ) 2


   [ 1 s , 4 s ]


  x = 3   t 2 + 2 t


  y = 2   t 2 − 4 t


  f ( t ) = x = 3   t 2 + 2 t , f ( 4 ) = 3 ( 4  ) 2 + 2 ( 4 ) = 56 , f ( 1 ) = 5


  𝛥   r → = 𝛥 x   i → + 𝛥 y   j → = 51   i → + 18   j →


  𝛥 t


    v ̄ =   𝛥   r →  𝛥 t =   𝛥 x  𝛥 t   i → +   𝛥 y  𝛥 t   j → =     v ̄  x   i → +     v ̄  y   j →


  𝜟 𝒕


  𝜟 𝒕


  v =   l i m  𝛥 t → 0   v ̄ =   l i m  𝛥 t → 0   𝛥   r →  𝛥 t =   d   r →  d t =   d x  d t   i → +   d y  d t   j → =   v  x   i → +   v  y   j →


  x o y


  x = 6 t + 5


  y = 4   t 2


  t = 1 s


    v  x =   d x  d t = 6 ⇒   v  x ( 1 s ) = 6 m / s ,   v  y =   d y  d t = 8 t ⇒   v  y ( 1 s ) = 8 m / s


   | v | =    v  x 2 +   v  y 2 =   6 2 +  8 2 =  100 = 10 ⇒ v = 10 m / s


   | v | =    v  x 2 +   v  y 2 =   6 2 +  8 2 =  100 = 10 ⇒ v = 10 m / s


  x = 2   t 2


  y = 4 t


    t 1 = 4 s


    t 2 = 8 s


  f ( t ) = x = 2   t 2 , f ( 4 ) = 2 ( 4  ) 2 = 32 , f ( 8 ) = 2 ( 8  ) 2 = 128


  𝛥 x = f ( 8 ) − f ( 4 ) = 128 − 32 = 96


    v ̄ =   𝛥 x  𝛥 t   i → +   𝛥 y  𝛥 t   j → =  96 4   i → +  16 4   j → = 24   i → + 4   j →


    r → = ( 3   t 2 − 2 )   i → + (   t 2 + 3 t )   j →


  2 s


  g ( t ) =   v → =   d   r →  d t = ( 6 t )   i → + ( 2 t + 3 )   j → ⇒ g ( 2 ) = 12   i → + 7   j →


    r → = (   t 2 + 4 t )   i → + ( 3 t )   j →


  g ( t ) =   v → =   d   r →  d t = ( 2 t + 4 )   i → + ( 3 )   j →


  x = 10 t


  y = − 2   t 2


  f ( t ) = x = 10 t , f ( 6 ) = 10 ( 6 ) = 60 , f ( 3 ) = 10 ( 3 ) = 30


  𝛥 x = f ( 6 ) − f ( 3 ) = 60 − 30 = 30


    v ̄ =   𝛥   r →  𝛥 t =   𝛥 x  𝛥 t   i → +   𝛥 y  𝛥 t   j → =  30 3   i → −  54 3   j → = 10   i → − 18   j →


  x o y


  P ( − 4 , 2 )


  Q ( 4 , 1 )


  P (   x 1 ,   y 1 ) = P ( − 4 , 2 ) , Q (   x 2 ,   y 2 ) = Q ( 4 , 1 )


    a ̄ =   𝛥   v →  𝛥 t =   𝛥     v →  x  𝛥 t   i → +   𝛥     v →  y  𝛥 t   j → =     a ̄  x   i → +     a ̄  y   j → ,        |   a ̄ | =      a ̄  x 2 +     a ̄  y 2


  a =   l i m  𝛥 t → 0   𝛥   v →  𝛥 t =   d   v →  d t =   d  d t  (   d   r →  d t ) =     d 2   r →  d   t 2 =   d   v  x  d t   i → +   d   v  y  d t   j → =   a  x   i → +   a  y   j →


  (   a ̄ )


  ( 𝛥   v → )


      v → 1


      v → 2


  𝛥 t


      v → 1


      v → 2


  𝛥 t


  𝛥   v →


    v →


   {     x = 20   t 2    y = − 5   t 3


  t = 1 s


    v  x


    v  y


  t = 1 s


    x ′ =   v  x =   d x  d t = 40 t ⇒   v  x ( 1 ) = 40   m  s


  t = 1 s


  v = 40   i → − 15   j →


    a  x


    a  y


  (   v  x  ) ′ =   a  x =   d   v  x  d t = 40 ⇒   a  x ( 1 ) = 40   m    s 2


  t = 1 s


  a = 40   i → − 30   j →


    a →


    v →


  t = 1 s


  x o y


  x =   t 3


  y =   t 3


  12  2 m /   s 2


    v  x =   d x  d t = 3   t 2 ⇒   a  x =   d   v  x  d t = 6 t


   | a | =    a  x 2 +   a  y 2 ⇒ 12  2 =  36   t 2 + 36   t 2 ⇒ t = 2 s


  x ( 2 ) = y ( 2 ) = ( 2  ) 3 = 8 ⇒  | r | =    x 2 +   y 2 =   8 2 +  8 2 = 8  2 m


  x ( 2 ) = y ( 2 ) = ( 2  ) 3 = 8 ⇒  | r | =    x 2 +   y 2 =   8 2 +  8 2 = 8  2 m


  ( g )


  𝒉


  𝒚


    𝒗  𝟎


    v 0


  x =   v 0 t   ⇒   d x  d t =   v  x =   v 0


  y =  1 2 g   t 2 ⇒   d y  d t =   v  y = g t


  y =  1 2 g   t 2 ⇒   d y  d t =   v  y = g t


  t =   x    v 0


  y =   g  2   v 0 2   x 2 = c   x 2 ,   g  2   v 0 2 = c o s t


  𝒕 =    𝟐 𝒉  𝒈


    𝒙  𝟎 =   𝒚  𝟎 = 𝟎


    𝒕  𝟎 = 𝟎


    𝜶  𝟎


  (   a  x = 0 )


  (   a  y = − g )


  x =   v  0 x t =   v 0 c o s   𝛼 0 t


  y =   v  0 y t −  1 2 g   t 2 =   v 0 s i n   𝛼 0 t −  1 2 g   t 2


  y =   v  0 y t −  1 2 g   t 2 =   v 0 s i n   𝛼 0 t −  1 2 g   t 2


    d x  d t =   v  x =   v  0 x =   v 0 c o s   𝛼 0


    d x  d t =   v  x =   v  0 x =   v 0 c o s   𝛼 0


    d y  d t =   v  y =   v  0 y − g t =   v 0 s i n   𝛼 0 − g t


    d y  d t =   v  y =   v  0 y − g t =   v 0 s i n   𝛼 0 − g t


  𝛥 y = t a n   𝛼 0 x −   g   x 2  2 (   v  0 x  ) 2 = t a n   𝛼 0 x −   g   x 2  2   v 0 2 c o   s 2   𝛼 0


    v  y = 0


    v  y =   v 0   s i n ⁡    𝛼 0 − g t ⇒ 0 =   v 0   s i n ⁡    𝛼 0 − g t


  T = 2 t =   2   v 0 s i n   𝛼 0  g
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  4  5 ∘


  x =   v 0   c o s ⁡    𝛼 0 t =   v 0   c o s ⁡    𝛼 0  (   2   v 0   s i n ⁡    𝛼 0  g ) ⇒ R =     v 0 2 s i n 2 𝛼  g


    v  y = 0


    v  y 2 −   v  0 y 2 = − 2 g h ⇒ 0 −   v  0 y 2 = − 2 g h ⇒ h =     v 0 2 s i   n 2   𝛼 0  2 g


  180 m


  50 m / s


  t =    2 h  g =    2 × 180 m  10 m /   s 2 =  36   s 2 = 6 s e c


  3  7 ∘


  10 m / s


  t =     v 0   s i n ⁡    𝛼 0  g =   10   m  s ⋅   s i n ⁡ 3  7 ∘  9 . 8   m    s 2 ≈ 0 . 6 s


  T = 2 t =   2   v 0   s i n ⁡    𝛼 0  g =   2 ⋅ 10   m  s ⋅   s i n ⁡ 3  7 ∘  9 . 8   m    s 2 ≈ 1 . 2 s


  T = 2 t =   2   v 0   s i n ⁡    𝛼 0  g =   2 ⋅ 10   m  s ⋅   s i n ⁡ 3  7 ∘  9 . 8   m    s 2 ≈ 1 . 2 s


  4  5 ∘


    x 5


    𝛼 0 = 4  5 ∘ − 1  5 ∘ = 3  0 ∘ ⇒   R 1 =     v 0 2   s i n ⁡ ( 2 ⋅ 3  0 ∘ )  g =    3   v 0 2  2 g


    R 1 =   R 2


    d 𝜃  d t = 2 t


    t  n
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        v 2  r


      ( 5 m / sec ⁡ ) 2  1 m
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    m r     ω 2


  f = m     v 2  r


  m     v 2  r = m r     ω 2


  f = m     v 2  r = 3 k g     (   2 m  s ) 2  3 m = 4 N


    𝒎   𝒗  𝟐  𝒓


  F = G   m 1 x m 2    r 2


  W = ∆ U = m g (  h 2 −  h 1 )


  ∆ U

